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LQMHFWLYLW\RI&2WRWKHDTXLIHUV,QMHFWLYLW\LVRQHRINH\IDFWRUVIRUGHWHUPLQLQJWKHIHDVLELOLW\IRUVWRUDJHRI&2LQ
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SRURVLW\DQGSHUPHDELOLW\RIWDUJHWIRUPDWLRQV,QWKLVSDSHUQXPHULFDOVLPXODWLRQVWXGLHVRI&2LQMHFWLRQLQWREULQH
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LQMHFWHGIOXLGSURSHUWLHVXVLQJORQJHULQMHFWLRQVFUHHQVHOHFWLQJGLIIHUHQWLQMHFWLRQGHSWKDQGLQWURGXFLQJK\GUDXOLF
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SHRSOH PD\ FRQVLGHU XVLQJ PRUH LQMHFWLRQ ZHOOV DGRSWLQJ KRUL]RQWDO ZHOOV RU LPSURYLQJ DTXLIHU
FRQGLWLRQV WKURXJK K\GUDXOLF IUDFWXULQJ $OO WKHVH DSSURDFKHV DUH FRVWO\ RU WHFKQLFDOO\ FKDOOHQJLQJ$
FRQVWDQWSUHVVXUHZHOOH[KLELWVDYDU\LQJUDWHRI&2LQMHFWLRQIRUIROORZLQJUHDVRQVPXOWLSKDVHIORZ
HIIHFWVFDSLOODU\HIIHFWVGXHWR&2ZDWHUUHSODFHPHQWQHDUWKHZHOOERUHFKDQJHRISHUPHDELOLW\











ZLWK KRUL]RQWDO ZHOO OHQJWK 2NZHQ HW DO >@ LQYHVWLJDWHG WKH HIIHFW RI ZHOO RULHQWDWLRQ YHUWLFDO YV
KRUL]RQWDO DQGZHOO OHQJWK RQ WKH LQMHFWLRQ RI &2 LQ GHHS VDOLQH DTXLIHUV WKURXJK QXPHULFDOPRGHOV
7KH\FRQFOXGHGWKDWKRUL]RQWDOZHOOVPD\EHSUHIHUDEOHLIWKHJRDOLVWRVHTXHVWHUDODUJHDPRXQWRI&2
LQ D VKRUW SHULRG RI WLPH EXW GR QRW RIIHU D VLJQLILFDQW DGYDQWDJH LQ WHUPV RI ORQJWHUP FDSDFLW\ RI D
SRWHQWLDOUHSRVLWRU\

,Q WKLVSDSHUQXPHULFDOPRGHOLQJVWXGLHV IRUFDUERQGLR[LGH LQMHFWLRQ LQWREULQHVDWXUDWHGUHVHUYRLUV
KDYH EHHQ FRQGXFWHG WR LQYHVWLJDWH HIIHFWLYHQHVV RI DSSURDFKHV IRU HQKDQFLQJ &2 LQMHFWLYLW\ E\
PRGLI\LQJ WKH LQMHFWHG IOXLG SURSHUWLHV XVLQJ KRUL]RQWDO ZHOO ZLWK GLIIHUHQW OHQJWK VHOHFWLQJ GLIIHUHQW




/DUJH VFDOH LQMHFWLRQ RI &2 LQWR D VDOLQH DTXLIHU ZLOO LQGXFH D YDULHW\ RI FRXSOHG SK\VLFDO DQG
FKHPLFDOSURFHVVHVLQFOXGLQJPXOWLSKDVHIOXLGIORZIOXLGSUHVVXUL]DWLRQDQGJHRPHFKDQLFDOHIIHFWVROXWH
WUDQVSRUW DQG FKHPLFDO UHDFWLRQV EHWZHHQ IOXLGV DQG IRUPDWLRQ PLQHUDOV 7KHVH SURFHVVHV PD\ FDXVH
YDULDWLRQRILQMHFWLRQUDWHV9DULDWLRQRIFDSLOODU\SUHVVXUHDQGIOXLGYLVFRVLW\GXULQJWKHPXOWLSKDVHIORZ
SURFHVVZLOO OHDG WR IOXLGPRELOLW\ FKDQJH  &RQWLQXH LQMHFWLRQ RI &2 LQWR DQ DTXLIHUZLOO SURGXFH DQ
LQFUHDVH LQSRUHSUHVVXUHZKLFK LQ WXUQZLOO DOWHU WKHHIIHFWLYH VWUHVV VWDWH OHDGLQJ WRSHUPHDELOLW\DQG
SRURVLW\ YDULDWLRQV ,Q DGGLWLRQ VROXWH WUDQVSRUW ZLOO HQKDQFH FKHPLFDO UHDFWLRQ EHWZHHQ &2 DQG WKH





















PRELOLW\ NUȕȝȕ ,QWULQVLF SHUPHDELOLW\ N LV WKH SURSHUW\ RI D IRUPDWLRQ ZKLFK PD\ RQO\ EH DOWHUHG
WKURXJKFRVWO\PHFKDQLFDORUFKHPLFDOSURFHVVHV,WLVDOVRSRVVLEOHWRHQKDQFHWKHLQMHFWLYLW\E\DOWHULQJ
WKH LQMHFWHG IOXLG SURSHUWLHV VXFK DV UHGXFWLRQ RI LWV GHQVLW\ RU LQFUHDVH RI LWV PRELOLW\ E\ UHGXFLQJ
YLVFRVLW\RULQFUHDVLQJUHODWLYHSHUPHDELOLW\9LVFRVLW\LVDPHDVXUHRIWKHUHVLVWDQFHRIDIOXLGZKLFKLV
EHLQJGHIRUPHGE\HLWKHUVKHDUVWUHVVRUWHQVLOHVWUHVV8QGHUGLVSRVDOFRQGLWLRQVVXSHUFULWLFDO&2WKH
YLVFRVLW\RIFDUERQGLR[LGHFDQEH OHVV WKDQ WKHYLVFRVLW\RI WKHDTXHRXVSKDVHE\D IDFWRURI)OXLG




+\SRWKHWLFDO&2 LQMHFWLRQVDUHDGRSWHG IRU WKLV VWXG\7KH LQMHFWLRQSURFHVVHVDUH VLPXODWHGZLWKD
VLPSOLILHGWKUHHGLPHQVLRQDO'QXPHULFDOPRGHO7KH'PRGHOFRYHUVDQDUHDRINPîNP7KH
LQMHFWLRQZHOO LV ORFDWHG LQ WKH FHQWHU RI WKHPRGHO GRPDLQ 7KH VWRUDJH IRUPDWLRQ LQWR ZKLFK &2 LV














WKH IOXLG SURSHUWLHV VXFK DV GHQVLW\ DQG YLVFRVLW\ 7KH LQLWLDO WHPSHUDWXUH YDULHV OLQHDUO\ ZLWK GHSWK
DVVXPLQJDJHRWKHUPDOJUDGLHQWRI&SHUPGHSWKDQGWKHWHPSHUDWXUHRI&DWWKHODQGVXUIDFH
,QLWLDOSUHVVXUHGLVWULEXWLRQLQWKHVLPXODWLRQGRPDLQIROORZVK\GURVWDWLFHTXLOLEULXP9HUWLFDOK\GUDXOLF
FRPPXQLFDWLRQ DW WKH WRS DQG ERWWRP RI WKH GRPDLQ ZLWK RXWVLGH IRUPDWLRQV LV ZHDN %RWK WRS DQG







YDULDWLRQ LQGHSWK7KHYHUWLFDOKRUL]RQWDO UDWLRRI SHUPHDELOLW\ LV DVVXPHG WREH LQ DOO WKH OD\HUV
9DQ*HQXFKWHQPRGHO LV XVHG WR FDOFXODWH WKH FDSLOODU\ SUHVVXUH DQG UHODWLYH SHUPHDELOLW\ RI WKH WZR
SKDVHIORZRI&2DQGZDWHU
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H DUHQRQLVRWKHUPDO VLPXODWLRQVZKLFK WDNH LQWR DFFRXQW WKH V\VWHP WHPSHUDWXUH FKDQJHVRYHU WLPH
7KH LQMHFWHG&2 WHPSHUDWXUH IRU WKHFDVHVDWKH VDPHDV IRUPDWLRQ WHPSHUDWXUHE & ORZHU WKDQ
LQLWLDO IRUPDWLRQ WHPSHUDWXUH F  & KLJKHU WKDQ LQLWLDO IRUPDWLRQ WHPSHUDWXUH G & KLJKHU WKDQ
LQLWLDOIRUPDWLRQWHPSHUDWXUHDQGH&KLJKHUWKDQLQLWLDOIRUPDWLRQWHPSHUDWXUH
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,W LV REYLRXV WKDW WKH LQMHFWLRQ UDWH LQFUHDVHV D ORW WKURXJK K\GUDXOLF IUDFWXULQJ LQ HDUO\ VWDJH 7KH
LQMHFWLRQUDWHRIFDVHE LV ODUJHU WKDQ WKDWRIFDVHDDQGEDVHFDVHZKLFK LQGLFDWHV WKDW LQMHFWLRQUDWH
LQFUHDVHVZLWKDJUHDWHUGHJUHHRIIUDFWXULQJ+\GUDXOLFIUDFWXULQJFRQWULEXWHVWRWKHLQFUHDVLQJRISRURVLW\
DQGWKHDEVROXWHSHUPHDELOLW\DOVRWKHFRQWDFWDUHDEHWZHHQUHVHUYRLUDQGWKHLQMHFWLRQZHOO$OORIWKHVH








)LJ (YROXWLRQ RI WRWDO LQMHFWLRQ UDWH IRU K\GUDXOLF IUDFWXULQJ       )LJ (YROXWLRQ RI WRWDO LQMHFWLRQ UDWH IRU GLIIHUHQW VDOLQLW\ 
FDVHVD.I 'E.I 'FDVHVDEFGLQMHFWVIUHVKZDWHUILUVW
,PSDFWRIVDOLQLW\RQLQMHFWLYLW\















ZLWK D KRUL]RQWDOZHOO RI OHQJWK/ P LQFUHDVHV DERXW %\&RPSDULQJ WKUHHKRUL]RQWDOZHOO
FDVHVZHFDQ ILQG WKDW LQMHFWLRQ UDWHFRXOG LPSURYHDERXW WRQV\HDUZLWK WKH OHQJWKRIKRUL]RQWDO
ZHOO LQFUHDVLQJ  PHWHUV ,W FDQ EH FRQFOXGHG WKDW WKH ORQJHU WKH KRUL]RQWDO ZHOOV WKH EHWWHU
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LPSURYHPHQWIRULQMHFWLYLW\,QFRPSDULVRQWRYHUWLFDOLQMHFWLRQZHOOWKHOHQJWKRIKRUL]RQWDOZHOOLVQRW
OLPLWHG E\ WKH WKLFNQHVV RI WKH UHVHUYRLU )RU UHVHUYRLU ZLWK FHUWDLQ WKLFNQHVV KRUL]RQWDO ZHOO FDQ
HIIHFWLYHO\ LQFUHDVH WKH FRQWDFW DUHD EHWZHHQ WKH ZHOOERUH DQG UHVHUYRLU WR LPSURYH WKH LQMHFWLRQ UDWH














)LJXUH  VKRZV WKH UHVXOWV RI WKH LQMHFWLRQ UDWHV IRU FDVHV ZLWK GLIIHUHQW SHUIRUDWLQJ SRVLWLRQV ,W LV
QRWHG WKDW LQMHFWLQJ&2 LQGHHSHU DTXLIHU LV VOLJKWO\EHWWHU WKDQ LQ VKDOORZHU DTXLIHU ,QMHFWLQJ&2 LQ
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&RQFOXVLRQV
,Q WKLVSDSHU WKH LQIOXHQFHRI LQMHFWHGIOXLGSURSHUWLHVZHOO OHQJWK LQMHFWLRQ ORFDWLRQDQGK\GUDXOLF
IUDFWXULQJ RQ LQMHFWLYLW\ KDV EHHQ LQYHVWLJDWHG WKURXJK QXPHULFDO PRGHOV 7KH FRQFOXVLRQV DUH
VXPPDUL]HGDVIROORZLQJ
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